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adapted to the concentrate fattening diet over a 15-d period of transition. The amount of concentrate 10 feed was then progressively increased and animals were allowed to consume their ration on an ad 11 libitum basis for about 1 mo after the beginning of the transition period. The concentrate diet was 12 offered during the rapid growth period (RGP) which lasted until the animals were slaughtered. The 13 animals were fed twice daily at 0600 and 1400 and were slaughtered per group when mean live weight 14 reached at least 600 kg and when the average daily gain (ADG) was lower than 1 kg/d at two 15 consecutive measurements. removed from the carcass. Carcass weight was recorded and pH of both Longissimus thoracis muscles 21 were measured (7, 8, 9 ribs) 1, 2, and 4 h postmortem using a Portamess 751 knick pH-meter (Knick 1 of variation and slaughter weight as factor of covariance. Nitrogen balances either performed during 2 LGP, after the transition period or before slaughter were compared at similar live weight using 3 contemporary weight as factor of covariance. Two-way analysis of variance for a 3 x 4 design using 4 location of fat (subcutaneous, inter-or intramuscular) and group as factors of variation was used to 5 analyze data relative to fatty acid composition of fat (Dagnelie, 1975) . Modelled evolution of the ADG 6 over time was presented, assuming a quadratic evolution during the LGP and a cubic evolution during 7 the RGP. The model was chosen from the maximum r² value within the expected evolution of the 8 ADG. The evolution of ADG during compensatory growth was also studied by GLM procedure of SAS 9 (SAS, 1990), using group and month after the beginning of the compensatory growth as factors of 10 variation. Predicted maxima and minima were obtained from the model of compensatory growth by 11 derivative of the function obtained from analysis. Table 2 summarizes the performance of the four groups during both periods.
3
Initial live weight was similar in the four groups (300 kg). The bulls from the CG gained 330 kg 4 during the fattening period, which lasted for 252 d. Feed conversion ratio (FCR) and ADG were 7.37 5 kg/kg and 1.3 kg/d, respectively. As expected, the live weight at the end of the low-growth period was 6 different in G2, G3, and G4, with values of 368, 435 and 486 kg, respectively ( P < .001). The ADG 7 was similar and close to .5 kg/d during LGP although it was slightly higher in G2 and lower in G4 ( P < 8 .05). Total feed consumption (FC) differed to a large extent because length of the LGP was different. 9 Daily feed intake was close to 6 kg/d in the three groups, although higher in G4 ( P < .1). The FCR was 10 high and increased with the length of the LGP (10.21, 11.12 and 14.42 kg/kg in G2, G3 and G4 11 respectively, P < .001). Live weight at the beginning of the RGP was 402, 474 and 534 in G2, G3 and 12 G4 ( P < .001) and the fattening period lasted for 147, 120 and 112 d respectively. During RGP, ADG 13 was higher in all three groups than in CG. G2 and G4, which exhibited the largest compensatory gains, 14 also had the largest daily FC (11.8 and 12.1 vs 9.7 and 10.7 kg/d in control and G3 ( P < .001).
15
However, on a live weight basis, FC was the highest in G2 ( P < .05). During RGP, FCR was quite 16 similar in the four groups and close to 7.5 kg/kg; it was, however, slightly higher in G2 and G4. When 17 both periods were considered, ADG decreased with increasing length of the LGP. Final live weight was 18 similar in CG, G2, and G3 (631, 622, and 645 kg) and was quite higher in G4 (705 kg). During the 19 whole experiment, total gain was higher in G4 (402.1 kg) than in CG, G2 and G3 (330.2, 320.0 or 20 340.5 kg, respectively, P < .001). Total feed consumption increased similarly as the total growth 21 duration but daily absolute and relative consumption showed opposite evolutions.
The change with time of live weight gain, modelled evolution of the ADG determined between 1 weight records, and FC are given in figure 2. The animals from G2 gained weight rapidly and reached 2 their slaughter weight almost at the same age as CG. In G3 and G4, cattle were slaughtered 4 and 9 mo 3 later, respectively, in winter and in summer because the length of LGP for cattle in G3 and G4 was 4 much greater. The change over time of ADG during RGP was best fitted by a cubic relationship in G2, 5 G3 and G4 (R² values respectively equal to 65, 81, and 81%). The maximum ADG after realimentation 6 was close to 2 kg/d in G2 and decreased rapidly. In G3, the amplitude of compensation was less than 7 G2 (1.5 kg/d) but the period during which animals exhibited ADG higher than 1 kg/d was longer than 8 in G2 (140 d). In G4, the maximum ADG reached values close to those in G2, but it was obtained During LGP, N intake was limited to about 100 g N/d in G2, G3, and G4 (Table 3) Table 4 summarizes the effects of treatment on slaughter characteristics and carcass composition.
3
As the final live weight of animals from G4 was greater than in the other groups, their live weight at 4 the slaughterhouse and carcass weight were higher (447 kg vs almost 400 kg in the other groups, P < 5 .01). Dressing percentage was similar for CG, G2 and G4 but G3 was characterized by lower values 6 than CG and G4 ( P < .05). Animals from G4 yielded more lean meat than the others owing to a higher 7 carcass weight ( P < .01 or < .001), but the CG had a higher muscle proportion, while the lowest value 8 was observed in G3 ( P < .05). The amount of connective and adipose tissue increased from CG to G4 ( 9 P < .05) but percentages were, as opposed to muscle proportion, the highest in G3 and the lowest in 10 CG. Bone proportion was lower ( P < .1) in G4. The ratio between muscle to bone was similar among 11 treatment and close to 6. Higher ratio between connective-adipose tissue and bone was observed in G3 12 and G4 when compared to CG ( P < .05 or P < .1).
13
Meat quality characteristics are shown in table 5. Meat temperature decreased more rapidly in 14 CG and more slowly in G4; G2 and G3 had a similar pattern ( P < .001). By contrast, pH values in 15 meat from G4 were lower 1 h, 2 h, and 4 h postmortem than in the other groups ( P < .01 or .001).
16
However, the pH observed 48 h postmortem was similar and close to 5.5 in all group. There were no 17 differences in brightness measured 2 d postmortem. Both a* and b* values were higher in groups G2,
18
G3 and G4 than in CG but the differences were only in G3 and G4 ( P < .01, P < .1). Cooking losses 19 were lower in CG than in the others groups ( P < .001). Similarly, higher drip was observed in G3 and 20 G4 when compared to CG and G2 ( P < .1). The Warner-Bratzler peak shear force (WBPSF) was lower 21 in G2, G3 and G4 than in CG but only G3 showed a significant difference ( P < .1).
1 and cholesterol content ( P < .001; P < .01; P < .05; P < .1). It was of interest to note that the ether 2 extract value was lower in the groups previously restricted whereas the opposite was found for the 3 connective and adipose tissue of the carcass. No difference in cholesterol content was found between 4 CG, G2 and G3. However, G4 showed a lower cholesterol content than others groups ( P < .01).
5
The fatty acid composition of the subcutaneous, intermuscular, and intramuscular fat is shown in 6 In G2 and G3, the target live weight gain of .5 kg/d was difficult to achieve, mainly at the Complete compensatory growth expresses the ability of a restricted animal to reach a weight of a 10 control animal at similar age (Wilson and Osbourn, 1960; Ryan et al., 1993a) . Such a growth was not 11 possible in G3 and G4 because animals in these groups started the fattening period after the CG 12 animals were slaughtered. In G2, compensation was partial, the slaughter occurring about 1 mo later 13 than in CG. The lack of complete compensation has been reported many times by others (Abdalla et al; , 14 1988; Ellenberger et al., 1989; Carstens et al., 1991; Drouillard et al., 1991; Hayden et al., 1993 water. The higher feed conversion ratio suggests that although high ADG were observed in 7 compensatory groups when compared to CG, nutrients were directed towards fat rather than meat that exhibited compensatory growth cannot be excluded.
15
The lower profile of compensation in G3 when compared with G2 and G4 may be explained by a 16 seasonal effect, because the G3 animals were fattened during autumn and winter, so energy used for 17 thermoneutral maintenance may have been increased (Scott et al., 1993) . The rather similar profile in 18 the response of G2 and G4 animals during RGP may be surprising when considering age difference. digestive tract, allows for a rapid growth (Wright and Russel, 1991; Ryan et al., 1993b) . However, 7 according to Carstens et al. (1987 Carstens et al. ( , 1989 , this phenomenon would be brief, about 19 d to 1 mo. without increasing feed intake.
13
At heavier weights, as found during the fattening period in G4, the capacity for fat deposition is 14 enhanced (Rompala et al., 1985; Simon, 1989) . In this group, FCR increased rapidly without any 15 consistent decrease in ADG, suggesting increasing fat deposition. Fat proportion in carcasses of 16 animals from G4 was, however, similar to that found in G2 or G3; but it must be remembered that the 17 animals were slaughtered before ADG decreased to sufficiently low values. Higher fat deposition in the 18 regions surrounding the gastrointestinal tract could also not be excluded.
19
The lower dressing percentage found in G3 (table 4) suggest that the compensation occurs more in other compartments as carcass.
The ratio between muscle to bone is a good indicator of muscle development because it is 1 independant of the degree of fatness (Berg and Butterfield, 1966 between connective and adipose tissue to bone in G2, G3 and G4 confirmed that compensatory groups 13 deposited proportionnaly more fat than CG.
14 In this respect, the lower proportion of fat in meat of the realimented groups was rather 15 surprising, because advancing age is known to increase the fat proportion in muscle (Szucs et al., 1987; 16 Grosse et al., 1991; Duckett et al., 1993) . However, it could be hypothesized that during compensatory fat content in meat being associated with a high water content (Szucs et al., 1987; Grosse et al., 1991) .
Alteration in water holding capacity could also be ascribed to changes in post-mortem meat 20 temperature or pH (Honikel et al., 1968) . However, several experiments report the lack of relation 21 between these parameters (Bruce and Ball, 1990; Boakye, 1993) . The lower shear force index found in 22 G2 and G3 may be explained by the production of a younger meat, therefore poorer in connective tissue. The postmortem muscle temperature was also higher, enhancing meat tenderness by accelerating 1 the aging process (Yates et al., 1983; Lee, 1986) . In G4, a more structured connective tissue related to 2 the older age of the animals might explain lower meat tenderness when compared to G2 and G3. The 3 numerically higher tenderness found in G2, G3 and G4 may also be explained by the higher growth rate 4 before slaughter in these groups. Possibly, these groups contained higher amounts of endogenous 5 proteolytic enzymes before slaughter, as suggested by Aberle et al. (1981) and Van eenaeme et al. 6 (1994).
7
The prevalence of oleic , stearic, and palmitic acids, which accounted for about 85% of the total The reduction of growth in a growing fattening system with double-muscled bulls may be 3 beneficial under some conditions. An almost complete compensatory growth was observed when the 4 low growth period was relatively short, overcompensation being difficult to obtain. However, growth 5 potential seemed to be maintained until advanced age. 16 a,b,c,d Means within a row with common superscript do not differ at P < .1 ( + ), P < .05 ( * ), P < .01 ( ** ) or P < .001 ( *** ). NS: not significant ( P > .1) (1) reported on the basis of air dry values Means within a row with common superscript do not differ at P < .1 ( + ), P < .05 ( * ), or P < .01 ( ** ). NS: not significant ( P > .1)
(1) data compared by analysis of covariance, using contemporary live weight as factor of covariance. Means within a row with common superscript do not differ at P < .1 ( + ), P < .05 ( * ), or P < .01 ( ** ). NS: not significant ( P > .1)
(1) data compared by analysis of covariance, using slaughter weight as factor of covariance. a,b,c Means within a row with common superscript do not differ at P < .1 ( + ), P < .05 ( * ), P < .01 ( ** ) or P < .001 ( *** ). NS: not significant ( P > .1) page -29- a,b,c Means within a row with common superscript do not differ at P < .1 ( + ), P < .05 ( * ), P < .01 ( ** ) or P < .001 ( *** ). NS: not significant ( P > .1) page -30- 
